The intravenous injection of concentrated human serum or plasma into patients with hypoproteinemia of the nephrotic syndrome has not generally produced the desired rise in serum protein concentration (1 to 3). Diuresis and loss of edema are usually disappointing and rarely permanent.
Study of the serum proteins and hematocrit (2, 3) would seem to indicate that the injected plasma was soon withdrawn from the circulation, with little effect on the original serum albumin or globulin concentration. Not more than half of the injected protein appeared in the urine.
In dogs with nutritional edema, injected protein was quickly removed from the circulating blood without any loss of protein in the urine (4) . In order to study the movements of protein and fluid, a single injection of concentrated human serum albumin has been given to 3 patients suffering from the nephrotic syndrome. Since this material is electrophoretically homogeneous, the injected protein can be traced when sufficiently large amounts are injected and when the plasma volume is determined concurrently.
MATERLAL AND METHODS
The purified human serum albumin was prepared in the Plasma Fractionation Laboratory of the Harvard Medical School. ' The method earlier in use there for the preparation of this fraction was developed by Cohn, et al. (5) .
Plasma protein determinations were made by Kjeldahl nitrogen determination. Urine protein was determined by dry weight.
The electrophoresis apparatus of Tiselius as modified by Longsworth (6) recorded diagram is then outlined by a narrow line of exposure which is not displaced by over-or under-exposure of the photographic plate.
The buffer used in the electrophoresis of serum affects the relative mobilities of the protein fractions (6). The fraction described in a previous report (7) as a-globulin, appearing in phosphate buffer of ionic strength 0.2 and pH 7.8, is the same as Tiselius a-globulin. The fraction described in the present study as a, appears just behind the albumin boundary, in veronal buffer of ionic strength 0.1, at pH 8.6, and is apparently not the same as Tiselius' a-globulin, which cannot be accurately differentiated from the large ,-globulin peak in nephrotic serum in the veronal buffer.
The plasma volume was determined with the blue dye T-1824, with suitable corrections for the diminution in the cloudiness of the serum which follows the injection of serum albumin. If such a correction is not applied, the fall in optical density of the serum indicates an erroneously high dilution of the dye. An equation for the corrected L620 can be set up in the same form as the usual correction for hemolysis but with different constants. If no hemolysis is present, the optical density at 540 mp may be used, but it may be preferable to use a wave length less sensitive to traces of hemoglobin. The ratio of optical density at 620 my to that at the indifferent wave length is independent of dilution, both for dye and When the lowered concentration of serum protein is also considered, the deficit of total circulating protein and especially albumin is even greater. The electrophoretic analyses (Table I) showed the usual nephrotic pattern with diminished albumin and y-globulin and increased ,8-globulin in the serum. Colloid osmotic pressures were far below the normal range (Table II) . The urine contained proportionately more albumin and less j3-globulin than the serum.
Effects of injection of serum albumin Plasma volume. The plasma volume rose sharply as the protein was injected ( Figure 1 ). This was reflected both in the fall in dye concentration and in the lowered hematocrit determinations. Of the two, the hematocrit iAdicated the larger increase in plasma volume. This is notable, since the dye T-1824 is closely associated with the serum proteins and might be removed from the circulation with the albumin. There is no evidence for such an increased rate of disappearance.
Serum protein concentration. There was little immediate change in the concentration of pro- Figure 1 in the contrast between case II on the one hand and cases I and III on the other. In all cases, there was a rapid fall in circulating protein after the injection, but the mechanism was not the same. In cases I and II, it was largely at the expense of the plasma volume, with the serum protein concentration stationary or rising slightly. In case II, however, the plasma volume maintained its increase at the expense of the protein concentration. This difference in mechanism, interesting in itself, must for the present only emphasize the more consistent behavior of the total circulating serum protein.
The results of the injection of albumin are presented in Table II (Table V) . This experiment would seem to eliminate any large analytical error and also any property of the serum of these patients which might affect the analysis.
Colloid osmotic pressure of serum. The colloid osmotic pressure increased following the injection, as might have been predicted from the increased proportion of albumin with little change in protein concentration.
Circulatory readjustments. There was a transient increase in arterial blood pressure during the injection. The venous pressure was in- In case III, a, could not be accurately measured in the serum because of its low concentration. Proteinuria. The loss of protein in the urine increased following the albumin injection. There was a rise both in the volume and in the protein concentration of the urine. The extra protein lost was entirely serum albumin, the daily globulin loss remaining nearly constant or diminishing somewhat (Table III) . Within 2 days of the time of injection, proteinuria returned to the control level.
With a constant kidney status, the percentage of albumin in the urinary protein depends on the percentage of albumin in the serum protein, as suggested in a previous report (7) . When the proportion of albumin in the serum was increased by the injection, the proportion of albumin in the urine became very large. With the subsequent fall in serum albumin, there was a fall in the proportion of albumin in the urinary protein ( Figures 3, 4 , and 5).
Albumin and globulin "clearance." The loss of protein in the urine may be compared with the concentration of protein in the blood plasma in the form of a clearance of plasma per minute. When this calculation is made on a daily basis, the albumin clearance and the globulin clearance are little affected by the albumin injection (Table III) min injection, and for one hour afterward, the clearance of albumin was apparently increased; but because of the rapid shifts of protein, it is difficult to be certain of the mean serum albumin concentration. The clearance of total protein varies with the proportion of albumin in the serum, since the-albumin clearance is much larger than the globulin clearance.
Clearance of the blue dye T-1824. The renal clearance of T-1824 The failure of the albumin-globulin ratio to rise to the calculated level was not unexpected, for the same observation has been made after the injection of plasma (2, 3) . In both cases, albumin is rapidly withdrawn from the circulation. There is one important difference, however, in the direction of change in the circulating globulin. In the 3 cases receiving albumin, the circulating globulin increased following the injection, whereas there is a gradual decrease in circulating globulin* following the administration of plasma. If the increase in globulin proves to be a constant finding, it suggests an available reserve of serum globulin which can be rapidly introduced into the circulation. All fractions, including al, are increased. The increased solubility of globulin in albumin solutions may play some r8le. The fluid with which the blood is diluted could scarcely contain the amounts of globulin involved. The conversion of albumin into globulin seems unlikely for many reasons, among which the most obvious are the rapidity of the exchange, the subsequent loss of globulin in the face of continued removal of albumin, and the maintenance of the same relative proportions of non-albumin fractions. In general, the observations suggest an equilibrium between circulating and reserve serum proteins, with a buffering of serum protein composition.
At the end of 1 or 2 days, only a small fraction of the injected albumin remained in the circulation. The loss of albumin in the urine was less than half of the quantity administered, and quite naturally varied inversely with the speed with which the albumin was removed from the plasma by the tissues, since these two routes of removal compete for a limited amount of albumin.
The (2) A rise in the colloid osmotic pressure of the serum to 10 and 20 per cent above the original pressure (two patients).
(3) Small, variable changes in total serum protein concentration.
(4) An increase in circulating albumin which was always considerably less than the amount injected.
(5) A small but consistent increase in circulating globulin.
(6) An increased proteinuria due to the higher proportion of serum albumin with little change in albumin and globulin clearance, calculated on a daily basis.
(7) A small increase in urine volume but no rise in chloride excretion.
(8) No clinical benefit, inasmuch as the amounts given were far too small to produce any permanent change.
Within 48 hours after the injection, most of the effects had disappeared. The largest fraction of the injected protein had been removed from the circulation and was not to be found in the urine. CONCLUSIONS 1. Further evidence has been presented for the equilibrium between circulating and tissue proteins. 2 . As in the case of plasma, the equivalent in serum albumin of nearly a liter of normal blood fails to produce a persistent elevation of the circulating serum albumin in severe hypoproteinemia.
3. The deficit of red blood cell volume in patients with the nephrotic syndrome is again demonstrated. The concentration of red blood cells is further depressed when the plasma volume is increased by the administration of serum albumin.
4. The proteinuria in these patients could be related to the concentration of serum albumin and globulin by relatively constant renal clearances of albumin and globulin. The fraction designated a, resembles albumin in its clearance.
